Aims/hypothesis The aim of this study was to investigate the association of N-terminal pro-brain natriuretic peptide (NTproBNP) with traditional cardiovascular risk factors and incident cardiovascular events in older people with type 2 diabetes. Methods In the prospective phase of the Edinburgh Type 2 Diabetes Study, 1066 men and women aged 60 to 75 years with type 2 diabetes mellitus were followed for 4 years; 112 participants had an incident cardiovascular event. At baseline, cardiovascular risk factors, pre-existing cardiovascular disease and levels of NT-proBNP were evaluated. Results Raised plasma NT-proBNP levels were associated with these classical cardiovascular risk factors: increased duration of diabetes, use of insulin, raised BMI, reduced HDLcholesterol, reduced renal function and use of lipid-lowering and anti-hypertensive medication (all p < 0.05). In the prospective analysis, NT-proBNP was strongly associated with subsequent risk of all cardiovascular disease events (HR per one SD increase in NT-proBNP 1.39; 95% CI 1.10, 1.75), independent of cardiovascular risk factors traditionally used to predict vascular events. NT-proBNP was also independently associated with incident coronary artery disease events (1.48, 95% CI 1.10, 1.98). The addition of NTproBNP to multivariate models improved the C-index by 0.019 for the 'hard' cardiac endpoint (fatal and non-fatal myocardial infarction). Conclusions/interpretation In older people with type 2 diabetes, NT-proBNP is associated with the development of coronary and cerebrovascular events, independent of a wide range of other vascular and metabolic risk factors, and may prove a useful addition to current vascular risk scores in diabetes populations.
Introduction
Brain natriuretic peptide (BNP) is a 32 amino acid polypeptide released by the heart in response to increased pressure on the ventricular wall. On secretion, BNP is split into the biologically active peptide and the non-functional N-terminal fragment (NT-proBNP), which has a longer circulating half-life. NT-proBNP levels are used clinically to rule out heart failure on presentation with dyspnoea. Recently, a number of potentially useful markers, notably C-reactive protein [1] , have been identified as candidates to improve the stratification of individuals according to their risk of developing subsequent cardiovascular disease (CVD). Indeed some clinical guidelines have started to recommend testing for such biomarkers in clinical settings [2] , although the use of C-reactive protein for widespread testing remains debatable [1] . In a number of general population, primary prevention and high-risk cohort studies, NT-proBNP has been shown to be strongly associated with risk of CVD and appears to have prognostic value over and above that of traditional risk factors [3] [4] [5] [6] [7] [8] [9] . However, the ability of NT-proBNP to predict cardiovascular events in specific conditions such as type 2 diabetes is less extensively studied.
Current clinical risk scores perform inadequately in risk prediction in type 2 diabetes [10] [11] [12] . To date, most studies investigating the predictive value of NT-proBNP in diabetic patients have been limited, for example by small sample sizes [13, 14] , predominantly male samples [15] or a short follow-up period [16] . One recently published study [17] suggests that NT-proBNP is a strong independent predictor of cardiovascular mortality in unselected older patients with type 2 diabetes; however, 36% of the cohort was below 65 years of age at baseline and the results did not include non-fatal cardiovascular events. These findings have now also been confirmed in patients selected to participate in a clinical trial [18] .
The Edinburgh Type 2 Diabetes Study (ET2DS), established in 2007 as a representative cohort of elderly men and women with type 2 diabetes, living in Lothian, Scotland, provides a relatively unique opportunity to determine the association between baseline NT-proBNP levels and the subsequent development of cardiovascular outcomes in a large sample of elderly patients with type 2 diabetes. The aims of the current study were to investigate the association between NT-proBNP and variables related to an adverse cardiometabolic profile in type 2 diabetes and to explore the potential prognostic value of the peptide in terms of association with subsequent cardiovascular events over and above traditional cardiovascular risk factors.
Methods

Study population
The ET2DS is a population-based, prospective cohort study involving 1066 men and women aged between 60 and 75 years with established type 2 diabetes mellitus living in the Lothian region of central Scotland. In 2006/2007, participants were recruited at random using a comprehensive database of people with type 2 diabetes living in Lothian (the Lothian Diabetes Register). Data collected at baseline were based on physical examination and questionnaires on demographic characteristics, cardiovascular risk factors and angina, chest pain and myocardial infarction diagnoses. The recruitment of patients and study protocol of the ET2DS has been described in detail previously [19] . The ET2DS population has been shown previously to be largely representative of all patients aged 60-75 years with type 2 diabetes living in Lothian [20] . In 2010/2011, all surviving participants were followed-up for cardiovascular events. Use of routine data sources (record linkage) and GP/hospital notes as well as direct patient contact ensured that follow-up included all ET2DS participants.
All the study participants gave their informed consent and ethics permission was obtained from the Lothian Medical Research Ethics Committee.
Physical examination ET2DS participants attended a dedicated research clinic at baseline for physical examination and blood sampling. Physical examination included measurement of height and weight for the calculation of BMI. A selfadministered questionnaire was used to collect data on age, sex, diabetes history, social status, smoking habits and history of CVD. A venous blood sample was taken for measurement of HbA 1c , total cholesterol, HDL-cholesterol and estimated GFR (eGFR). An early morning urine specimen was collected for measurement of urinary albumin and creatinine for calculation of the albumin:creatinine ratio (ACR). Systolic and diastolic brachial blood pressures were also measured and data on diabetic, and other, medication use were collected by questionnaire. The Scottish Index of Multiple Deprivation (SIMD) was used to assess social status and is defined by the Scottish Government as a composite index combining 38 indicators across seven domains (income, employment, health, education, skills and training, housing, geographic access and crime).
Determination of NT-proBNP Fasting blood samples were taken at the research clinic and plasma was frozen for storage. Plasma NT-proBNP concentrations were determined using the Elecsys 2010 electrochemiluminescence method(Roche Diagnostics, Burgess Hill, UK), and calibrated using the manufacturer's reagents. The manufacturer's controls were used with limits of acceptability defined by the manufacturer. Low control coefficient of variation was 6.7% and high control coefficient of variation was 4.9%.
Assessment of CVD events At baseline, data were recorded on self-reporting of a doctor's diagnosis of CVD, the WHO chest pain and Edinburgh Claudication questionnaires (part of the self-completion participant questionnaire) and findings on a standard 12-lead ECG. Data were also collected from the Information Services Division (ISD) of National Health Service (NHS) Health Services Scotland on all medical and surgical discharges from Scottish hospitals since 1981 and all ICD-10 codes (www.who.int/classifications/icd/en/) for cardiovascular or cerebrovascular disease were extracted. These data were combined to assess prevalent CVD (myocardial infarction [MI] , angina, transient ischaemic attack [TIA] , stroke and diagnosis of heart failure) at baseline, according to predefined criteria [20] . The ICD-10 code for heart failure as a diagnosis on hospital discharge records was used to identify heart failure.
Four years after recruitment, participants were followed-up for new cardiovascular (CV) events using a combination of repeat self-completion questionnaire, repeat ISD record linkage for hospital discharge and death certificate data, and review of clinical case notes, as required. Criteria for fatal and non-fatal events were as follows. MI: (1) ICD-10 code for new MI on hospital discharge/death record, dated after baseline, plus either participant report of a doctor diagnosis of MI, positive WHO chest pain questionnaire for MI, report of MI on GP questionnaire (provided all the dates were consistent with the ICD-10-coded event) or ECG codes for MI that were not present at baseline; or (2) clinical criteria for MI met following scrutiny of hospital and/or GP notes. New angina (in participants without a diagnosis of angina at baseline): (1) ICD-10 code for angina as primary diagnosis on hospital discharge record, dated after baseline; or (2) at least two of (a) patient self-report of a doctor diagnosis of angina or of starting angina medication since baseline, (b) ECG codes for ischaemia that were not present at baseline and (c) positive WHO chest pain questionnaire; or (3) clinical diagnosis of angina on scrutiny of hospital notes. Fatal ischaemic heart disease (IHD): ICD-10 codes for IHD (other than MI) as the underlying cause of death from death certification data. Stroke: (1) ICD-10 code for stroke as primary diagnosis on hospital discharge/death record, dated after baseline; or (2) clinical criteria for stroke met on scrutiny of clinical notes in patients with either self-report of stroke or with non-primary ICD-10 hospital discharge/death code for stroke. TIA: (1) ICD-10 code for TIA as primary diagnosis on hospital discharge record; or (2) clinical criteria for TIA met on scrutiny of clinical notes in patients with either self-report of stroke or with non-primary ICD-10 hospital discharge code for stroke or TIA.
Statistical analysis The distribution of NT-proBNP was rightskewed and was therefore log-transformed (using the natural logarithm, log e ) in all analyses, as was duration of diabetes, which was also heavily skewed. NT-proBNP and duration of diabetes are given as medians with interquartile range (IQR). All other continuous variables are given as means±SD and the categorical variables are given as total numbers with corresponding percentages. The Pearson correlation coefficient and test of association were used to assess the relationships between NT-proBNP and continuous covariates. The relationships between NT-proBNP and categorical covariates were tested using one-way ANOVAs. The Cox proportional hazards model was used to assess the prognostic value of NTproBNP to the risk of a cardiovascular event. An incident CV event was considered to be the first incident CV event (fatal and non-fatal MI or stroke, fatal IHD, angina and TIA) suffered by a patient since their initial baseline visit to the clinic. Results were summarised by HR with corresponding 95% confidence intervals and p values.
Analyses explored four different models: a crude model including NT-proBNP alone; a model adjusted for age, sex and baseline CVD status (presence of one or more cardiovascular events recorded at baseline); a model adjusted additionally for 'traditional' cardiovascular risk factors (age, sex, baseline CVD status, duration of diabetes, treatment of diabetes, lipid-lowering drugs, BP-lowering drugs, smoking status, BMI, systolic BP [sBP], diastolic BP [dBP]), HbA 1c , HDLcholesterol and total cholesterol; and a model adjusted additionally for traditional cardiovascular risk factors plus social status (represented by SIMD), eGFR and presence of microalbuminuria (defined as an ACR of >2.5 in men and >3.5 in women). Two sub-sets of overall cardiovascular events were considered during the analysis: coronary artery disease (CAD; fatal and non-fatal MI, angina and fatal IHD) and cerebrovascular disease (fatal and non-fatal stroke and TIA). In addition, a sensitivity analysis that included only 'hard' CV endpoints (fatal and non-fatal MI, fatal and nonfatal stroke and fatal IHD) was performed.
A p value of <0.05 was taken to be statistically significant.
Harrell's C-index was calculated for all models [21] to assess predictive performance using the concordance between model predictions and observed outcomes. The C-index is a generalisation of the area under the receiver operator curve for survival data, and ranges from 0.5, which indicates no predictive ability in the model, to 1, which indicates that the model has perfect predictive ability. In predicting eventfree survival, the C-index considers all possible pairs of participants, at least one of whom has experienced an event. The C-index is the overall probability of concordance between observed and predicted event-free survival time between pairs.
Results
Study characteristics at baseline and incident cardiovascular events A total of 1066 participants (547 men and 519 women) were followed for 4 years. At baseline, the median NTproBNP level was 75 pg/ml (IQR 37-169). The mean age of the study population was 67.9±4.2 years; other characteristics of the participants are shown in Table 1 . The baseline prevalence of MI, angina, stroke and TIA was 14% (n=150), 28% (n=298), 6% (n=62) and 3% (n=31), respectively. The baseline prevalence of heart failure was 5.3% (n=56) and eight patients had a diagnosis of heart failure without the occurrence of a cardiovascular event (MI, angina, stroke or TIA).
A total of 112 first incident cardiovascular events (affecting 10.5% of the study population) occurred during the follow-up period of 4 years; 29 (2.7%) patients suffered a non-fatal MI and a further 5 (0.5%) died from MI; 27 (2.9%) developed angina; 28 (2.6%) suffered a non-fatal stroke and a further 3 (0.3%) died from stroke; 8 (1.0%) had a TIA and 12 (1.1%) died from IHD that was not specified as a fatal MI.
Association of NT-proBNP with cardiometabolic risk factors and vascular disease at baseline At baseline, raised NTproBNP levels were significantly associated with several aspects of an adverse CV risk profile (Table 1) , including increasing age (r =0.25, p < 0.001), higher BMI (r =0.06, p < 0.05) and lower HDL-cholesterol levels (r = −0.07, p<0.05). NT-proBNP levels were also lower in the least deprived fifth of deprivation index compared with levels in the most deprived category (geometric mean 73.94 pg/ml, 95% CI [65.36, 83.64] vs 97.10 pg/ml, 95% CI [78. 13, 120 .68]; p<0.05). However, NT-proBNP levels were inversely associated with dBP (r=−0.14, p<0.001) and total cholesterol (r=−0.10, p<0.001). These findings may have been influenced by the high proportion of the study population taking lipid-lowering medication (85.7%) and antihypertensive medication (82.3%), especially given the statistically significant higher level of NT-proBNP in these groups compared with participants not taking the medication (geometric mean 83.87 pg/ml, 95% Association of NT-proBNP with incident cardiovascular events Prior to any multivariate adjustment, a one SD increase in log NT-proBNP was associated with a 1.77-fold increase (p<0.001) in the risk of all cardiovascular events, a 1.79-fold increase (p<0.001) in the risk of CAD events and a 1.73-fold increase (p<0.001) in the risk of cerebrovascular events. A statistically significant association of NT-proBNP with all CV events and with CAD persisted after multivariate adjustments that included baseline vascular disease and vascular risk factors ( Table 2 ). The HRs for a one SD increase in log NTproBNP were 1.46 (95% CI 1.19, 1.80) and 1.58 (95% CI 1.30, 1.93) for models adjusting for age, sex and baseline CV status that included or excluded heart failure, respectively. A one SD increase in log NT-proBNP was associated with a 1.39-fold increase (p=0.006) in the risk of any CVevent, after adjustment for baseline vascular disease, traditional CV risk factors, social status and reduced kidney function, and with a 1.48-fold increase (p=0.009) in the risk of a CAD event. Meaningful multivariate analysis of the cerebrovascular disease subgroup was constrained by the small number of observed events in this group (n=39, multi-adjusted HR 1.32, 95% CI 0.90, 1.93; p=0.163) and was not considered further. Compared with these relatively large increases in risk associated with NT-proBNP levels, a one SD increase in total cholesterol was associated with a non-significant, 1.22-fold (95% CI 0.98, 1.52; p=0.08) increase in risk of all cardiovascular events after full multivariate adjustment, with comparable figures of 1.25 (95% CI 1.00, 1.56; p=0.04) for a one SD increase in sBP.
An overall change in the C-index was seen when comparing models with and without NT-proBNP ( Table 2 ). The Cindex improved by 0.008 with the addition of NT-proBNP to the fully adjusted model for all cardiovascular events and for CAD events.
Results appeared somewhat more robust when only 'hard' CV endpoints were considered, with fully adjusted HRs increasing to 1.86 (95% CI 1.25, 2.78; p=0.002) for CAD and 1.51 (95% CI 1.13, 2.01; p = 0.006) for all CV events (Table 2 )--the C-index point estimate difference was also greater when only hard CV endpoints were considered, improving by 0.019 and 0.013, respectively. Interestingly, given recent evidence on proteinuria as a strong vascular risk predictor [2] , the C-index for model C did not improve when microalbuminuria was added after the inclusion of NTproBNP, with the HR remaining unchanged.
Discussion
In older people with type 2 diabetes, plasma NT-proBNP levels were associated with several aspects of an adverse cardiometabolic profile: increased duration of diabetes, use of insulin, raised BMI, lower HDL-cholesterol, lower renal function and use of lipid-lowering and anti-hypertensive medication. In the prospective analysis, NT-proBNP was strongly associated with subsequent risk of CVD events, independent of such differences in cardiometabolic profile and a range of cardiovascular risk factors traditionally used to predict vascular events. Our findings are consistent with those of previous studies that have found NT-proBNP to be increased in older patients with longer diabetes duration and to associate with higher sBP and impaired kidney function [11, 22] . Furthermore, we confirm that NT-proBNP levels are related to social class, with levels being higher in the most deprived group of diabetes patients, a finding which extends our similar observation in the predominantly nondiabetes WOSCOPS study population [3] .
Our data support NT-proBNP as a potentially useful risk predictor in older patients with type 2 diabetes-a group of patients who are at an elevated risk of vascular disease. This confirms the recent findings of Bruno et al [17] , who suggested that NT-proBNP may have a role as a marker of early CVD in a predominantly elderly study population. Although the improvements in the C-index following the inclusion of NT-proBNP are small and the clinical impact of including NTproBNP requires further assessment, it has been proposed that the C-index can be insensitive when adding a new predictor to a model, even if such a predictor has an independent and statistically significant contribution to a prediction model [23] . Further large studies are needed to determine whether the same findings apply to younger patients with type 2 diabetes. However, recently published findings from the ADVANCE Table 2 HRs for all CV events and the CAD subgroup for a one SD increase in the log of NT-proBNP trial [18] found that NT-proBNP was a strong predictor of CV events and death, regardless of the age of the patient (younger or older than 67 years), suggesting that older age is not a prerequisite for the potential usefulness of NT-proBNP in long-term CV risk prediction. This result is also consistent with findings that the short-term (mean 11 months follow-up) predictive power of NT-proBNP was similar in patients both younger and older than 60 years of age [24] . Our finding that NT-proBNP is significantly associated with CV events, even after consideration of lipid-lowering and anti-hypertensive therapy, is particularly noteworthy. In this regard, it is notable that cholesterol levels in ET2DS participants were not predictive of events, likely in part because of the confounding effect of lipid-lowering treatment on lipid levels. Given that the vast majority of type 2 diabetes patients are on lipid-lowering therapy, our findings suggest NT-proBNP may be a particularly useful predictor in contemporary type 2 diabetes populations.
The strengths and weaknesses of the current study must be considered. The assessment of links between 'novel' biomarkers and incident vascular disease, independent of established cardiovascular risk factors and other biomarkers, can be difficult, owing to the inter-relationships between different measures of vascular disease and vascular risk factors, and the problems associated with comprehensive and accurate follow-up for vascular events over time (this goes some way to explaining inconsistencies in the current literature). Compared with some previous studies, the relatively larger size, population-based approach and prospective design with scrupulous assessment for incident CV events, are strengths of the current study. The use of an exclusively diabetic older population and the measurement of a large number of classical vascular risk factors and other strong predictors in diabetes (including diabetes duration, albuminuria and social class) has provided a unique contribution to the existing literature, which has neglected investigations in older diabetes patients, despite the increased prevalence of macrovascular disease in this population.
Future work in the ET2DS, which will include assessment of cardiovascular events over a longer follow-up period, will enable further, adequately powered risk prediction analysis, including the use of techniques such as net reclassification index. Such analysis will determine whether NT-proBNP adds additional value over specific CV risk scores that are currently used in diabetes. It will also be important to compare the predictive value of NT-proBNP with other 'novel' biomarkers of CV disease and to determine whether NT-proBNP is associated with other vascular-related complications of type 2 diabetes. In this respect, we have already shown that NTproBNP is associated with age-related cognitive decline in the ET2DS [25, 26] , a finding recently confirmed in older patients with CVD, or at an elevated risk, in the PROSPER study [27] .
In conclusion, the present study confirms a relatively strong association of NT-proBNP with vascular outcomes in patients with type 2 diabetes, independently of a range of other vascular and metabolic risk factors, inclusive of diabetes duration and albuminuria. Further studies addressing NT-proBNP in vascular prediction in diabetes are indicated.
